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© Method and apparatus for high speed integrated circuit testing. 



© An apparatus for use in high speed digital test- 
ing of high pin count logic circuits is provided 
wherein a plurality of terminal electronics units (12) 
are connected in series to each other and to one 
channel (1 3) of a multi-channel tester. Each terminal 
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electronics unit (12) stores a test vector from the test 
channel in a first mode, and applies the test vector 
to the circuit under test at high speed in a second 
mode. Each pin electronics unit can also store re- 
sponse data from the circuit under test. 
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Background of the Invention 

The present invention relates, in general, to 
automated digital test systems. More particularly, 5 
the invention relates to a method and apparatus for 
loading and retrieving test data and response data 
into a data storage means connected to each ter- 
minal of a circuit under test 

A crucial step in manufacturing electronic cir- 10 
cuits is testing those circuits under conditions that 
approximate actual use. As circuits become more 
complex, requiring more pins and higher operating 
speeds, it becomes difficult or impossible to test 
the circuit on existing equipment It is particularly 75 
important for circuits which require high reliability 
to be tested at clock rates of several hundred MHz, 
where they will operate in use. Accordingly, meth- 
ods for speeding up the test procedures have been 
developed in an effort to meet the demands of new 20 
circuits. 

One area of particular interest is the transfer of 
test signals to and from the drivers and compara- 
tors which stimulate and monitor the circuit termi- 
nals. Testers usually have multiple force and mea- 25 
sure circuits connected to the drivers and compara- 
tors, wherein each force and measure circuit is 
dedicated to one terminal of the circuit under test. 
The pattern of test signals, or test vectors, is stored 
in a pin memory which is also dedicated to the one 30 
terminal. The pin memory must be capable of 
supplying the stored test signal at the operating 
speed of the circuit under test. Test patterns are 
loaded into the pin memory from a mass storage 
means, which usually operates more slowly than 35 
the pin memory. Once loaded into the pin memory, 
test vectors are applied to the circuit terminal at 
high speed. For circuits with a large number of 
pins, however, the replication of force and measure 
circuit pin memory, and pin electronics for each 40 
terminal becomes expensive. Also, the power re- 
quirements of the pin electronics becomes exces- 
sive, requiring elaborate and expensive circuit cool- 
ing techniques. Finally, the space required for such 
a large number of pin electronics is prohibitive as 45 
circuits to be tested become smaller. 

As circuits become more complex and the 
number of terminals increases, manufacturers find 
themselves with test equipment having fewer test 
channels than the number of circuit terminals. This 50 
requires that test channels be multiplexed to sup- 
port more than one terminal, or that new equipment 
be purchased. Multiplexing is often too slow and 
limits the ability to completely test the circuit New 
equipment with more test channels is increasingly 55 
expensive, and usually not yet available when the 
manufacturer first produces circuits. Thus, equip- 
ment can be used more efficiently if it is possible 



to support more than one circuit terminal with each 
test channel, while maintaining an ability to test at 
high speed. 

Accordingly, it is an object of the present in- 
vention to provide an improved method and ap- 
paratus for transferring data between a tester and a 
logic circuit under test 

It is a further object of the present invention to 
provide an improved method and apparatus for 
transferring data between a tester and a logic cir- 
cuit under test which is capable of transferring a 
signal at substantially the operating speed of a 
circuit under test. 



Summary of the Invention 



The above and other objects and advantages 
of the present invention are achieved by providing 
an apparatus for transferring data between a multi- 
channel tester and a logic circuit under test, the 
logic circuit having a plurajity of terminals, or pins. 
The apparatus is capable of selectably transferring 
serial data between one test channel of the tester 
and a pin memory, or between the pin memory 
and the terminal, wherein the apparatus stores 
stimulus data in pin memories associated with in- 
put pins, and response data in pin memories asso- 
ciated with output pins. The apparatus includes 
multiple sets of pin electronics connected in serial 
fashion which allows each test channel to support 
multiple logic circuit terminals. 

Thus, an advantage of the present invention is 
that it provides a method and apparatus for trans- 
ferring data between a tester and a logic circuit 
under test which is of minimal cost and which uses 
a minimum number of components. 

Another advantage of the invention is that it 
provides a method and apparatus for transferring 
data between a tester and a logic circuit under test 
which can support more than one circuit terminal 
per test channel. 

Yet another advantage of the invention is that it 
provides a method and apparatus for transferring 
data between a tester and a logic circuit under test 
which imposes no restrictions on the design of the 
logic circuit 



Brief Description of the Drawings 

FIG 1 illustrates a block diagram of a seg- 
ment of test electronics in accordance with the 
invention connected in series to a signal tester 
channel; and 

FIG 2 illustrates a block diagram of a single 
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terminal electronics unit in accordance with the 
invention. 

Detailed Description of the Drawings 



FIG. 1 illustrates a number of terminal electron- 
ics units 12 connected serially to form one seg- 
ment 11 of the present invention. A multi-channel 
digital circuit tester (not shown) comprising a com- 
puter, a mass storage means for storing a test 
pattern and an expected output pattern, and a 
means to compare an actual output pattern with the 
expected output pattern, provides serial stimulus 
data on force line 14 of one test channel, and 
analyzes serial response data on response line 13 
of the test channel. The serial stimulus data com- 
prises a pattern of logic stimulus, which is also 
called a test vector. The test vector, which may 
include many thousands of bits of data, is applied 
to each terminal 28 of a logic circuit under test, 
forcing the logic circuit outputs to generate an 
output pattern. The output pattern, or response 
vector, is then sent serially to the tester on re- 
sponse line 13. 

In prior art testers, each test channel is con- 
nected to a single logic circuit terminal 28. In the 
present invention segment 1 1 is connected to force 
line 14 and response line 13 of the one test chan- 
nel. In a preferred embodiment a segment 11 ex- 
ists for each tester channel available in the tester. 
A partial test vector is sent to segment 1 1 on force 
line 14 to first terminal electronics unit 12a. Termi- 
nal electronics units are connected to each other 
and to the test channel by scan path 29. When the 
circuit is in a data transfer mode, terminal electron- 
ics units 12 are configured so as to pass the partial 
test vector through each terminal electronics unit 
12 until the first bit of the partial test vector has 
reached the last terminal electronics unit 12 in the 
series. II is useful to characterize groups of logic 
data in the partial test vector as words, whose 
length is determined by the terminal electronics 
units, as described herinafter. Each word enters 
first terminal electronics unit 12a and is passed 
serially on to 12b, 12c, etc. until the first word 
reaches the last electronics unit 12n. Any number 
of electronics units 12 may be connected in series, 
the exact configuration is determined by the tester 
available and the number of terminals of the circuit 
under test. For example, if each channel of a sixty 
four channel tester comprises sixteen terminal 
electronics units 1 2, the tester will support a circuit 
with 1024 terminals 28. After the partial test vector 
is loaded into segment 1 1 each terminal electronics 
unit 12 stores the word of the partial test vector 
which that electronics unit currently contains. Once 
the partial test vector is stored, a new partial test 



vector is loaded into the segment in a similar 
manner. This process is repeated until the entire 
test vector from the tester is stored in the plurality 
of terminal electronics units 1 2. 

5 FIG 2. illustrates a block diagram of a single 

terminal electronics unit 12. When tester segment 
11 is in data transfer mode, serial data enters 
multiplexer 21 , which is connected to shift register 
22. Shift register 22 is controlled by control logic 

10 26, and in data transfer mode is clocked at a rate 
which is compatible with the mass storage means 
of the tester. This may be approximately twenty 
MHz. The partial test vector is shifted through shift 
register 22, and exits through multiplexer 23, which 

75 is connected to multiplexer 21 of a similar adjacent 
terminal electronics unit 12. Shift register 22 is any 
number of bits wide, the number of bits being the 
same as the word length. In a preferred embodi- 
ment, shift register 22 is a sixteen bit shift register. 

20 After the last word in the partial test vector is 
shifted into register 22 of first pin electronics unit 
12a, bi-directional latch 24 is activated to store the 
word in addressable pin memory 25. Pin memory 
25 is controlled by control logic 26 by a read/write 

25 control and an address selection bus. Pin memory 
25 is configured such that a single address con- 
tains a complete test word. Thus, each pin elec- 
tronics unit 12 stores one word of the partial test 
vector in a pin memory 25 associated with a single 

30 terminal 28 of the circuit under test. This process is 
repeated until the test vector is entirely transferred 
to pin memory 25, or until pin memory 25 is full. 
Each pin memory 25 is limited in size by the 
addressing ability of control logic 26, and by prac- 

35 tical concerns of memory availability and speed. 
Typically, pin memory 25 may contain from eight 
thousand to sixty-four thousand bits or more. In 
data transfer mode, data travels from the tester, 
through each pin electronics unit 12, and back to 

40 the tester via scan path 29. Scan path 29 exists for 
each channel of the tester. 

After the entire test vector has been stored in 
pin memory 25, the apparatus is placed in a run 
mode. In run mode, first multiplexer 21 and second 

45 multiplexer 23 are connected to comparator 30 and 
driver 27 respectively, and scan path 29 is dis- 
abled. Control logic 26 selectively addresses pin 
memory 25 and places memory 25 in read mode. 
Bi-directional latch 24 presents one word of the 

so stored test vector to shift register 22 in parallel 
form. Shift register 22 is clocked at a high speed, 
transferring the stored test data to driver 27. Driver 
27 provides a pattern of logic signals to terminal 28 
which corresponds to the stored test pattern. After 

55 each word of the stored test vector is shifted out of 
shift register 22, control logic 26 addresses a new 
location in pin memory 25, thus presenting a new 
word to shift register 22, until pin memory 25 is 
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exhausted. In this manner, the frequency of the 
output signal from shift register 22 is not limited by 
the speed of pin memory 25. Driver 27 usually 
comprises a means of coupling a logic high and a 
logic low voltage to terminal 28, and a means to 5 
format the signals to precisely control the shape 
and timing of the signal. In the preferred embodi- 
ment, sixteen bit shift register 22 operates sixteen 
times faster than pin memory 25, and the output 
signal can be as fast as eight hundred MHz while io 
the memory operates at only 50 MHz. This allows 
pin memory 25 to be much larger, and to be made 
with less expensive components. 

If terminal 28 is an output, the test vector 
contains no stimulus information, and driver 27 75 
does not provide a logic signal to terminal 28. 
When no logic signal is provided on terminal 28, 
comparator 30 detects an output voltage on termi- 
nal 28, and outputs a signal corresponding to the 
detected voltage to multiplexer 21. A group of 20 
consecutive serial output data is called an output 
word, and consecutive words are combined to form 
the response vector. The response vector is shifted 
into shift register 22, until an entire response word 
is contained in shift register 22, at which time bi- 25 
directional latch 24 is activated, and pin memory 
25 is placed in write mode. The response vector is 
then transferred from shift register 22 to pin mem- 
ory 25. 

It should be noted that control logic 26 is 30 
synchronized between each of terminal electronics 
units 12. The circuit under test is comprised of a 
plurality of terminals 28, which may be inputs or 
outputs depending on the configuration of the cir- 
cuit under test. Because pin memory 25 can be 35 
loaded bi-directionally from a single shift register 
22, electronics unit 12 supports either inputs or 
outputs with a minimum of components. Because 
the control logic is synchronized, while a test vec- 
tor is being read out to an input pin 28 of the 40 
circuit under test, a response vector is being si- 
multaneously recorded from an output pin 28 of 
another pin electronics unit 12. Any type or con- 
figuration of circuit can thus be tested by the 
apparatus by simply modifying the stored test vec- 45 
tor. 

Eventually, pin memory 25 will be exhausted at 
each input terminal 28, and will be full at each 
output terminal 28. When this occurs, the segment 
is placed in data transfer mode again, and scan 50 
path 29 is enabled while driver 27 and comparator 
30 are disconnected. In this mode, multiplexers 21 
and 23 are connected to adjacent terminal elec- 
tronic units 12, and the response vector in pin 
memory 25 is transferred to shift register 22, and 55 
shifted out through multiplexer 23. At last terminal 
electronics unit 12n in segment 11, data is trans- 
ferred out to the tester on response line 13. The 
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response vector is then compared to the expected 
pattern in the tester, and a fail/pass decision is 
made. 

By now it should be appreciated that an im- 
proved method and apparatus for transferring data 
between a multi-channel digital circuit tester and a 
circuit under test has been provided, wherein the 
apparatus uses fewer components for each termi- 
nal of a circuit under test resulting in a lower cost 
tester, allows a single test channel to test a plural- 
ity of terminals of a circuit under test while achiev- 
ing testing speeds of several hundred megahertz, 
and imposes no design constraints on the logic 
circuit under test. 



Claims 

1. An apparatus for transferring test data and 
response data between a multi-channel tester and 
a logic circuit under test, the apparatus capable of 
operating in one of a plurality of modes, the logic 
circuit having a plurality of terminals (28), each 
terminal of the plurality of terminals is an input or 
an output depending on the configuration of the 
logic circuit, the apparatus comprising: a plurality 
of electronic segments (11), each segment con- 
nected to a test channel of the multi-channel tester, 
wherein the test channel (13) provides serial stimu- 
lus data to the segment and analyzes serial re- 
sponse data from the segment, each segment fur- 
ther including a plurality of similar terminal elec- 
tronic units (12), each coupled to one terminal (28) 
and connected serially to each other, the terminal 
electronic circuits further comprising: a memory 
means (25) for storing stimulus data or response 
data; a bi-directional latch (24) for transferring data 
into and out of the memory means; a converter 
means (22) to convert parallel data from the mem- 
ory means to serial data, and to convert serial data 
going to the memory means into parallel data, a 
first multiplexer (21) connected to the serial input of 
the converter means (22) for selecting serial data, 
wherein serial data from an adjacent terminal elec- 
tronics unit (28) is selected when the apparatus is 
in a first mode, or serial response data from the 
one terminal (28) is selected when the apparatus is 
in a second mode; a second multiplexer (23) con- 
nected to the serial output of the converter means 
(22), for directing serial data, wherein serial data is 
directed to an adjacent terminal electronics unit 
(28) when the apparatus is in the first mode, or 
towards the one terminal (28) when the apparatus 
is in the second mode; a means (27) for stimulating 
each input terminal (28), controlled by serial data 
from the second multiplexer (23); a means (30) for 
detecting the serial output signal from each output 
terminal (28) and sending the serial output signal to 
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the first multiplexer (21 ). 

2. The apparatus of claim 1 wherein each seg- 
ment comprises sixteen terminals (28) and sixteen 
terminal electronics units (12). 

3. The apparatus of claim 1 wherein the mem- 
ory means (25) comprises from 8K to 64K bits of 
storage. 

4. The apparatus of claim 1 wherein the con- 
verter means (22) is a shift register. 

5. The apparatus of claim 1 wherein the means 

(27) for stimulating an input terminal further com- 
prises a means for switching a logic high and a 
logic low voltage to the terminal; and a means to 
format and precisely control the shape and timing 
of the stimulus signal. 

6. An apparatus for transferring test data and 
response data between a multi-channel tester and 
a logic circuit under test, the apparatus capable of 
operating in one of a plurality of modes, the logic 
circuit having a plurality of terminals (28), each 
terminal of the plurality of terminals is an input or 
an output depending on the configuration of the 
logic circuit, the apparatus comprising: a plurality 
of electronic segments (11), each segment coupled 
to one test channel (13) of the multi-channel tester, 
each segment further including a plurality of similar 
terminal electronic units (12) connected to each 
terminal (28) and connected serially to each other, 
the terminal electronic circuits (12) further compris- 
ing: a memory means (25) for storing stimulus data 
or response data; a bi-directional latch (24) for 
transferring data into and out of the memory means 
(25); a converter means (22) to convert parallel 
data from the memory means (25) to serial data, 
and to convert serial data going to the memory 
means (25) into parallel data, a first data path (29) 
which allows the terminal electronics unit to com- 
municate with two adjacent terminal electronics 
units; a second data path which allows the terminal 
electronics unit (12) to communicate with the termi- 
nal (28) of the circuit under test; a means (21 , 23) 
for selecting between the first data path and the 
second data path; a means (27) for stimulating 
each input terminal, controlled by data from the 
converter means (22); a means (30) for detecting 
the serial output signal from each output terminal 

(28) and sending the serial output signal to the 
converter means (22). 

7. The apparatus of claim 6 wherein each seg- 
ment (1 1 ) comprises sixteen terminals (28) and 
sixteen terminal electronics units (12). 

8. The apparatus of claim 7 wherein the con- 
verter means (22) is a sixteen bit shift register. 

9. The apparatus of claim 6 wherein the first 
data path (29) operates at approximately 20 MHz 
and the second data path operates up to 800 MHz. 

10. A method of testing a logic circuit, the logic 
circuit having a plurality, of terminals (28), each 



terminal of the plurality of terminals is an input or 
an output depending on the configuration of the 
logic circuit, comprising the steps of: providing a 
multi-channel tester, wherein each channel (13) 6f 

5 the multi-channel tester sends at a serial stimulus 
signal, and receives a serial response signal, 
wherein the apparatus operates in a first and a 
second mode, the first mode further comprising the 
steps of: breaking the serial stimulus signal into 

to multi-bit words; converting the words to parallel 
stimulus signal data; storing the parallel stimulus 
data, wherein the second mode further comprises 
the steps of: converting the parallel stimulus data 
to serial stimulus data; transferring data to a drive 

J5 means (27); stimulating a terminal with the drive 
means (27); comparing the output voltage to a 
reference voltage; generating a response signal; 
storing the response signal; and sending the re- 
sponse signal to the multi-channel tester. 

20 



25 



30 



35 



40 



45 



50 



55 



SOOCIO <EP 03887B4A2J_> 



EP 0 388 784 A2 



12n 



TERMINAL ELECTRONICS 



-29 



TERMINAL ELECTRONICS 



12c 



12b 



12a 



TERMINAL. ELECTRONICS 



-29 



TERMINAL ELECTRONICS 



TERMINAL ELECTRONICS 



t 

11 



28n 



28c 



28b 



28a 



» i 



. _z 



24 



22 



BI-DIRECTIONAL 
LATCH 



JL 

PIN 
MEMORY 

CONTROL 

LOGIC 
— T 



25 



S/R 



26 



2 i 



23 



MUX 
2 



MUX 




1 





29 



27 



DRIVER [ - 



comparator! — > 



28 



PIN 



'30 



SOOCIO <EP 038e7MA2_f_> 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 388 784 A3 



EUROPEAN PATENT APPLICATION 



© Application number: 90104880.1 
© Date of filing: 15.03.90 



© lnt.Ci. 5 :G01R 31/318 



© Priority: 23.03.89 US 327878 

© Date of publication of application: 

26.09.90 Bulletin 90/39 

® Designated Contracting States: 
DE FR GB IT 

© Date of deferred publication of the search report: 

30.10.91 Bulletin 91/44 



© Applicant: MOTOROLA INC. 
1303 East Algonquin Road 
Schaumburg Illinois 60196(US) 

@ Inventor: Littlebury, Hugh W. 
928 E Gila Lane 
Chandler, Arizona 85225(US) 
Inventor: Swapp, Mavin C. 
2437 S Catarina 
Mesa, Arizona 85202(US) 



© Representative: Dunlop, Hugh Christopher et 
al 

Motorola European Intellectual Property 
Operations Jays Close Viables Industrial 
Estate 

Basingstoke, Hampshire RG22 4PD(GB) 



© Method and apparatus for high speed integrated circuit testing. 



CO 

< 

00 

oo 
oo 

CO 



Q. 
LU 



© An apparatus for use in high speed digital test- 
ing of high pin count logic circuits is provided 
wherein a plurality of terminal electronics units (12) 
are connected in series to each other and to one 
channel (13) of a multi-channel tester. Each terminal 
electronics unit (12) stores a test vector from the test 
channel in a first mode, and applies the test vector 
to the circuit under test at high speed in a second 
mode. Each pin electronics unit can also store re- 
sponse data from the circuit under test. 
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